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SECTION  1 


INTRODUCTION 


The  Navy  is  interested  m  a  commercial  water-m  oil  emulsion  for  use  in  submarine  high- 
pressure,  internal  hydraulic  fluid  systems  The  water-m-oil  emulsion  class  of  compounds  consists  of 
stable  emulsions  that  contain  40%  water  homogeneously  dispersed  as  micronic  or  submicromc  size 
droplets  in  a  60%  continuous  oil  phase  The  oil  phase  is  formulated  from  a  high  quality  petroleum- 
based  oil  compound  with  special  additives  to  give  the  final  product  added  lubricity,  corrosion 
protection,  emulsion  stability,  and  resistance  to  bacterial  and  fungal  contamination.  Chemical 
analyses  of  four  water-in-oil  hydraulic  fluids  previously  studied  in  this  laboratory  indicated  that 
ethylene  glycol  concentrations  were  approximately  two  percent  (Kmkead  et  al..  1987) 

A  90-day  continuous  exposure  to  a  hydraulic  fluid  containing  approximately  35%  ethylene 
glycol  resulted  in  increased  relative  liver  weights  at  both  test  concentrations  (10  and  100  mg/m3)  in 
female  rats  only  (Wall  et  a!.,  1990)  At  the  high  concentration,  increased  numbers  of  pulmonary 
macrophages  were  noted  in  rats,  rabbits,  and  hamsters  It  has  been  reported  (Roberts  and  Seibold, 
1969)  that  macaque  monkeys  receiving  ethylene  glycol  in  drinking  water  (0  25  to  10%)  developed 
renal  pathologic  effects  resulting  mainly  from  deposition  of  calcium  oxalate  crystals  However, 
kidney  lesions  were  not  noted  in  the  above  inhalation  study 

Previously  conducted  limit  tests  (oral,  dermal,  and  inhalation)  using  water-in-oil  hydraulic  fluid 
emulsions  indicated  minimal  toxicity  (Kinkead  et  al  ,  1987)  However,  the  inhalation  exposures  were 
low  airborne  concentrations  due  to  the  difficulty  of  aerosolizing  these  emulsions  using  conventional 
aerosol  generators  The  development  of  an  aerosol  generator  (Kimmel  and  Leahy,  1990)  capable  of 
operating  at  high  pressure  (1000  psi)  allowed  for  inhalation  exposure  evaluations  at  higher  aerosol 
concentrations  As  these  emulsions  were  scheduled  to  undergo  sea  trials  in  mid- 1990,  it  was 
important  to  evaluate  the  possible  toxic  hazard  that  might  be  encountered  during  long-term 
continuous  exposure  to  Naval  personnel  Aerosol  inhalation  exposures  are  hazards  aboard  Naval 
vessels  where  the  crew's  working  and  living  environment  are  often  the  same 

The  Naval  Medical  Research  Institute,  Toxicology  Detachment  (NMRl/TD)  has  provided 
information  on  industrial  hygiene  surveys  aboard  ships  that  indicated  operationally  observed  aerosol 
concentrations  of  0  2  mg/mi  maximum  (0  1  mg/mi  average)  for  glycol-based  hydraulic  fluids  Based 
on  these  industrial  hygiene  data,  a  continuous  exposure  to  0  2  mg/ml  was  chosen  as  the 
low-concentration  exposure  and  10  mg/ml  as  the  high-concentration  exposure.  The  low 
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concentration  simulates  realistic  shipboard  conditions,  whereas  the  hign  concentration  might  be 
expected  to  simulate  worst-case  conditions 

This  study  was  designed  to  determine  and  evaluate  me  potential  tome  ettects  from  a  90-day 
continuous  exposure  of  water-m-oil  hydraulic  fluid  aeroso;  to  rats  m  Thomas  Dome  inhalation 
chambers  An  air-exposed  control  group  was  also  maintained  under  identical  conditions. 
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SECTION  2 


MATERIALS  AND  METHODS 


ANIMALS 

Upon  receipt  from  Charles  River  Breeding  Labs  (Raleigh,  NC),  male  and  female  Fischer  344 
(F-344)  rats  were  quality  control  tested  prior  to  use  m  the  studies  All  rats  were  identified  by  tail 
tattoo  The  rats  were  randomized  using  a  proprietary  modular  software  system  (PATH/TOX*  System, 
Xybion  Medical  Systems,  Cedar  Knoll,  NJ)  which  assigned  animals  to  groups  They  were  group  housed 
(three  per  cage)  in  clear  plastic  cages  with  wood-chip  bedding  prior  to  the  study  The  rats  (1 1  weeks 
of  age  at  initial  exposure)  were  then  individually  housed  in  wire-mesh  stainless  steel  cages  and 
assigned  to  specific  exposure  cage  locations  Automatic  water  and  feed  (Purina  Formulab  #5008) 
were  available  ad  libitum  except  when  food  was  removed  for  12  h  prior  to  sacrifice  Ambient 
temperatures  were  maintained  at  21  to  25  °C  and  the  lightydark  cycle  was  set  at  12-h  intervals  (light 
cycle  starting  at  0700  h) 


TEST  MATERIAL 


The  water-in-oil  hydraulic  fluid  emuls  on  was  supplied  by  NMRl/TD.  It  was  produced  by  E.F. 
Houghton  and  Company  under  the  trade  name  Houghto-Safe*  5047F  The  emulsion  is  described  in 
the  Material  Safety  Data  Sheet  as  being  30  to  60%  mineral  oil  (CAS  No  64741-89-5),  1  to  10% 
ethylene  glycol  (CAS  No  107-21-1),  and  the  remainder  water  Figure  1  is  a  typical  infrared  (IR) 
spectrum  of  the  supplied  hydraulic  fluid  emulsion  The  primary  use  of  iR  spectra  was  for  qualitative 
a  ",  j  I  y  si  s  of  the  supplied  test  material  before  use  and  for  comparison  with  the  spectra  of  pure  mineral 
.  ,1,  ethylene  glycol,  and  exposure  aerosol  droplets  to  determine  the  composition  of  these  droplets. 
Pertinent  physical  properties  of  the  test  material  are  as  follows 


Boiling  point  (lC) 

Specific  Gravity  (H_Q  =  1) 
%  voiaiiles  Dy  volume 
ph 

Absolute  viscosity 
Surface  tension 
Aopearance 


101  70 
0  92 
30  to  60 
9  00 

8  3  x  1  0  7  (N  x  S)  /m-1 
35  dyn  'em 
white,  milky  fluid 
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EXPOSURE  REGIMEN  AND  RESPONSE  ASSESSMENT 


Groups  of  60  male  and  60  female  F-344  rats  were  placed  m  25-m-i  Thomas  Dome  chambers 
(Thomas,  1965)  and  exposed  continuously  (23  h/day)  to  either  air  aione,  or  0  2  or  1  0  mg  water-m-oil 
hydraulic  fluid  emulsion/m^  for  90  days  Records  were  maintained  for  body  weights,  signs  of  toxicity, 
and  mortality  Ten  rats  per  sex  per  group  (including  controls)  were  sacrificed  following  30,  60,  ana  90 
days  of  exposure  Additional  groups  of  10  rats  per  sex  per  group  were  sacrificed  at  30,  60,  and  90  days 
postexposure  The  high  concentration  and  control  animals  sacrificed  following  the  termination  of 
the  inhalation  study  had  a  complete  histopathologic  examination  Because  no  treatment-related 
lesions  were  found  in  the  high  concentration  animals,  histological  examinations  were  not  performed 
on  tissues  from  the  low  concentration  group  The  rats  serially  sacrificed  during  exposure  or 
postexposure  had  only  lungs  and  kidneys  exam.ned  histopathologically  Tissues  for  histopathologic 
examination  were  fixed  in  10°-o  neutral-buffered  formalin,  trimmed,  and  further  processed  via 
routine  methods  for  hematoxylin  and  eosm-stamed  paraffin-embedded  sections  (Luna,  1968) 

Wet  tissue  weights  were  determined  on  adrenals,  brain,  heart,  kidney,  liver,  lungs, 
ovanes/testes,  spleen,  and  thymus  on  all  animals  sacrificed  at  exposure  termination  Additionally, 
blood  was  drawn  for  hematology  and  clinical  chemistry  assays  Erythrocytes  were  enumerated  on  a 
Coulter  counter  (Coulter  Electrics,  Hialeah,  Fi),  and  sera  for  clinical  chemistry  evaluation  were  assayed 
on  an  Ektachem  700XR  (Eastman  Kodak,  Rochester,  NY).  Selected  hematological  parameters  and 
absolute  leukocyte  differentials  were  determined  according  to  established  procedures 

TEST  MATERIAL  GENERATION  AND  ANALYSIS 

The  test  materia!  was  generated  unaer  conditions  simulating  a  pin-point  breach  in  a  hydraulic 
system  Aerosol  of  the  hydraulic  fluid  emu's'on  was  generated  through  a  micro-orifice  mistmg 
nozzle-hydraulic  pump  system  in  which  the  test  material  was  maintained  at  1000  psi  pressure  (Kimmel 
and  Leahy,  1990)  Separate  generators  were  used  for  each  concentration  tested 

Continuous  monitoring  of  aerosol  concentration  was  performed  by  near-forward  angle 
light-scattering  (RAM  S,  MiE,  me  ,  Bedford,  MA)  The  daily  concentration  was  calculated  from  the 
F..AM-S  continuous  analysis  as  p-ocessea  b>  the  Toxic  Hozoras  Research  unit  data  acquisition  system 
from  1300  to  1400  individual  data  points  _ne  nonexposure  oenoa  reeaea  for  animal  maintenance 
was  not  included  in  the  calculations,  therefore,  trie  ctui'y  avenge  r^p-esents  only  the  approximately 
23  h  exposure  period  Aerodynamic  particle  size  was  determined  twice  daily  using  an  aerodynamic 
particle  sizer  (APS  33B,  TSl  Inc  ,  St  Paul,  IVIN)  Partide  size  was  confirmed  weekly  usmg  a  Cascade 
Impactor  A  Mtran  IA  (Foxooro,  S  Norwalk,  CN)  longpath  IR  was  used  for  continuous  ethylene  glycol 
analysis  A  detailed  description  of  the  sampling  systems  and  calibration  procedures  is  described  in 
Kimmel  and  Leahy,  1990 
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STATISTICAL  ANALYSIS 


Comparisons  of  mean  body  weights  were  performed  using  a  two-factorial  analysis  of  variance 
A  two-factorial  analysis  of  variance  with  multivariate  comparisons  was  used  to  analyze  clinical 
chemistry  and  organ  weight  data  (Barcif  owski,  1983,  Dixon,  1990)  The  histopathology  data  were 
analyzed  using  Yates'  corrected  Cni-square  (Zar,  1974)  Chamber  concentrations  were  analyzed  by 
standard  statistical  methods  using  8MDP  1-D  (Dixon,  1990) 


SECTION  3 


RESULTS 


The  ethylene  glycoi  vapor  concentration  present  in  tne  0  2  mg  hydraulic  fluid/nv  atmospnere 
was  below  delectable  limits  Ethylene  glycol  concentration  m  the  high  exposure  atmosphere  was 
only  slightly  above  minimal  detectable  limits  The  average  weekly  mean  concentration  of  ethylene 
glycol  m  this  exposure  chamber  ranged  from  0  2  to  <0  4  mg/mi  for  an  overall  average  concentration 
of  <  0  3  mg/m 3 

A  comparison  of  the  IR  spectra  of  freshly  collected  aerosol  droplets  with  those  of  pure  mineral 
oil.  ethylene  glycol,  and  neat  5G47F  hydraulic  fluid  indicated  that  the  aerosol  droplets  were  virtually 
pure  mineral  oil,  the  spectra  be>ng  void  of  aDsorbance  bands  attributable  to  water  or  ethylene  glycol 
Details  of  the  atmosphere  analysis  are  described  in  Kimme'  and  Leahy  ( 1 990) 

Generation  of  desired  aerosol  concentrations  occurred  with  few  problems,  and  mean  chamber 
concentrations  were  maintained  within  I0°/o  of  the  target  concentrations  Mean  concentrations  for 
each  exposure  chamber,  including  high  and  low  daily  mean  concentrations,  are  provided  in  Table  V 
There  was  good  agreement  in  comparison  of  the  mass  median  aerodynamic  diameter  (MMAD)  values 
obtained  by  the  two  sizing  methods,  however,  the  values  in  the  table  are  those  obtained  using  the 
aerodynamic  particle  sizer  (APS) 


TABLE  1 .  STATISTICAL  ANALYSIS  OF  WATER-IN-OIL  HYDRAULIC  FLUID  EMULSION 

CONCENTRATIONS  INHALED  BY  MALE  AND  FEMALE  F-344  RATS  FOR  90  DAYS 


Target  Concentration  ,  mg/mT 

0  20 

1  00 

Mean  Concentration,  mg'm^ 

0  20 

1  04 

Standard  Error 

<0  01 

<0  01 

Lowest  Daily  Mean,  mg'mf 

0  18 

0  9S 

Hignest  Daily  Mean,  mg/rr  : 

0  26 

1  ’3 

Aerosol  Size  Distribution^ 

Mean  MMAD  (pm)« 

2  80 

3  09 

Geometric  standarc  deviat.on  uim 1 

1  42 

1  45 

■'Mtar  of  dd  ■,  T.edris 
CAPS  da'o 


Mean  body  weights  of  tne  !  ydruu  >c  fluid  exposed  rats  were  not  statistically  different  from  the 
control  animals  at  any  of  the  weighing  periods  (Figure  2  and  Appendix  A)  Clinical  chemistry  values 
for  male  and  female  rats  evaluated  following  termination  of  trie  90  day  exposure  period  are  listed  in 
Tables  2  and  3,  respectively  No  treatment-related  effects  were  noted  in  any  parameters  examined 
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TABLE  2.  MEAN*  SERUM  CHEMISTRY  VALUES  OF  MALE  F-B44  RATS  FOLLOWING  A  90-DAY 
CONTINUOUS  EXPOSURE  TO  WATER-IN-OIL  HYDRAULIC  FLUID  EMULSION 


Control  0.2  mg  m3  1.0  mg/m^ 


Glucose 

167  2 

♦ 

6  0 

1  75  2 

+ 

4.0 

165  3 

5  5 

BUN 

13  1 

+ 

0  6 

12  8 

+ 

0  6 

13  9 

+ 

0  7 

Creatinine 

0  3 

<0  1 

0  3 

+ 

<0.1 

0  3 

+ 

<0  1 

Sodium 

143  0 

+ 

0  4 

143  S 

+ 

0  3 

142  5 

+ 

0.4 

Potassium 

5  0 

+ 

0  2 

4  9 

+ 

0  1 

5  2 

+ 

0  1 

Chloride 

97  8 

+ 

0  3 

98  3 

+ 

0  4 

98  3 

+ 

0  3 

Calcium 

1 1  4 

+ 

0  1 

1 1  5 

± 

0  1 

11  4 

± 

0  1 

Phosphorus 

8  3 

+ 

0  2 

8  3 

+ 

0  2 

8  0 

+ 

0  3 

Total  Protein 

6  2 

+ 

<0  1 

6  3 

+ 

<0  1 

6  2 

+ 

<0  1 

Albumin 

3  3 

+ 

<0  1 

3  3 

♦ 

<0  1 

3  4 

+ 

<0  1 

AST 

73  3 

+ 

5  3 

69  5 

+ 

3  2 

78  5 

+ 

3  9 

ALT 

51  9 

+ 

2  1 

52  9 

2  5 

59  1 

3  3 

Alkaline  Phosphatase 

163  8 

+ 

13  8 

152  7 

+ 

12  8 

175  0 

+ 

14  5 

•Mean  +  SEM.  N  =  10 


TABLE  3.  MEAN3  SERUM  CHEMISTRY  VALUES  OF  FEMALE  F-344  RATS  FOLLOWING  A  90-DAY 
CONTINUOUS  EXPOSURE  TO  WATER-IN-OIL  HYDRAULIC  FLUID  EMULSION 


Control  0.2  mg/m*  1.0mg/m3 


Glucose 

134  4 

+ 

4  3 

136  1 

± 

4  5 

135.0 

+ 

3  3 

BUN 

16.0 

0  6 

14  8 

+ 

0  6 

15  7 

0  5 

Creatinine 

0  4 

♦ 

<0  1 

0  4 

+ 

<0  1 

0  4 

<0  1 

Sodium 

143  6 

+ 

0  4 

14  3  5 

0  3 

143  2 

1 

0  2 

Potassium 

5  5 

+ 

0  2 

5  3 

C  1 

5  4 

+■ 

0  1 

Chloride 

100  7 

+ 

0  4 

100  1 

+ 

0  4 

100  8 

-f 

0  5 

Calcium 

1 1  2 

t 

0  1 

1 1  5 

0  1 

11  3 

-f 

0  1 

Phosphorus 

8  0 

-t 

0  3 

7  5 

+ 

0  4 

7  6 

♦ 

0  3 

Total  Protein 

6  4 

G  l 

6  6 

± 

0  1 

6  5 

-f 

0  1 

Albumin 

3  4 

■t 

0  1 

3  5 

-t- 

<0  1 

3  4 

+ 

0  1 

AST 

76  0 

r 

3  9 

76  4 

4- 

3  4 

73  0 

1  6 

ALT 

50  9 

+ 

2  5 

56  2 

2 

2  3 

48  1 

+ 

1  5 

Ah  aline  Phosphatase 

1015 

6  2 

123  7 

-f 

16  9 

122  7 

4- 

6  5 

•Mean  i  S:  V  N  -  10 


Organ  weights  examinee  at  the  conclusion  ot  tne  continuous  innalation  exposure  revealed  no 
treatment-related  differences  m  treated  animals  when  compared  with  their  respective  control  groups 
(Tables  4  and  5) 
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TABLE  4.  ORGAN  WEIGHTS  (g)a  AND  ORGAN-TO-BODY  WEIGHT  RATIOS  (%)  OF  MALE  F-344 
RATS  FOLLOWING  A  90-DAY  CONTINUOUS  INHALATION  EXPOSURE  TO 
WATER-IN-OIL  HYDRAULIC  FLUID  EMULSION 


Control  0  2  mg  m3  I.Omg'm3 


Kidney 

2  16 

4 

0  C5 

2  16 

4 

0  06 

2  21 

4 

0  05 

Ration 

0  61 

4 

0  01 

0  61 

4 

0  01 

0  63 

4 

0  01 

Heart 

0  97 

4 

0  02 

G  99 

t 

0  02 

1  03 

t 

0  03 

Ratio 

0  28 

4 

<0  01 

0  28 

4 

<0  01 

0  30 

4 

0  01 

Brain 

1  85 

4 

0  03 

1  87 

4 

0  03 

1  89 

4 

0  02 

Ratio 

0  53 

4 

0  01 

0  53 

4 

0  01 

0  54 

4 

0  01 

Liver 

10  32 

4- 

0  33 

10  45 

4 

0  30 

10  62 

4 

0  31 

Ratio 

2  93 

4 

0  06 

2  97 

4 

0  05 

3  04 

4 

0  06 

Spleen 

0  62 

4 

0  02 

0  60 

4 

0  01 

0  63 

4 

0  01 

Ratio 

0  18 

4 

<0  01 

0  17 

4 

<0  01 

0  18 

4 

<0  01 

Thymus 

0  27 

4 

0  02 

0  26 

4 

0  01 

0  30 

4 

0  02 

Ratio 

0  08 

4 

0  01 

0  07 

4 

<0  01 

0  09 

4 

<0  01 

Lungs 

1  62 

4 

0  05 

1  62 

4 

0  04 

1  74 

4 

0  04 

Ratio 

0  46 

4 

0  02 

0  46 

4 

0  01 

0  50 

4 

0  01 

Adrenals 

0  05 

4 

<0  01 

0  05 

4 

<0  01 

0  05 

4 

<0  01 

Ratio 

0  01 

4 

<0  01 

0  01 

4 

<0  01 

0  01 

4 

0  01 

Testes 

3  04 

4 

0  04 

2  92 

4 

0  07 

2  94 

4 

0  05 

Ratio 

0  87 

4 

0  02 

0  83 

4 

0  02 

0  84 

4 

0  01 

Whole  Bodyc 

352  4 

4 

7  4 

351  4 

4 

7  2 

348  8 

4 

5  3 

■’f.Vcir  z  SEM  \  ^10 
.  gj-  v,e.gr>bbod>  we.gM  «  ‘0u 
*vt?;gnts 
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TABLE  5.  ORGAN  WEIGHTS  (g)*  AND  ORGAN-TO-BODY  WEIGHT  RATIOS  <°0)  OF  FEMALE  F-344 
RATS  FOLLOWING  A  90-DAY  CONTINUOUS  INHALATION  EXPOSURE  TO  WATER-IN- 
OIL  HYDRAULIC  FLUID  EMULSION 


Control  0.2  mg  m3  1.0  mg  m3 


Kidney 

1  23 

f 

0  C3 

1  21 

*• 

U  02 

1  '7 

+ 

0  02 

Ratiob 

0  68 

♦ 

0  02 

0  67 

+ 

G  Cl 

0  65 

+ 

0  OH 

Heart 

0  65 

0  02 

0  65 

♦ 

0  01 

1  60 

+ 

0  01 

Ratio 

0  36 

+ 

0  01 

0  36 

0  01 

0  33 

+ 

0  OH 

Brain 

1  75 

+ 

0  01 

1  75 

■t 

0  01 

1.75 

+ 

0  02 

Ratio 

0  97 

+ 

0  02 

0  96 

+ 

0  01 

0  97 

+ 

0  OH 

Liver 

4  50 

+ 

0  12 

4  74 

+ 

0  07 

4  52 

♦ 

0  09 

Ratio 

2  49 

+ 

-  0  04 

2  61 

+ 

0  05 

2  48 

+ 

0  04< 

Spleen 

0  41 

♦ 

0  01 

0  40 

+ 

0  01 

0  41 

+ 

0  01 

Ratio 

0  23 

+ 

<0  01 

0  22 

+ 

<001 

0  23 

<0  OH 

Thymus 

0  22 

♦ 

0  01 

0  20 

♦ 

0  01 

0  22 

+ 

0  01 

Ratio 

0  12 

+ 

0  01 

0  11 

+ 

0  01 

0  12 

+ 

<0  OH 

Lungs 

1  13 

♦ 

0  03 

115 

+ 

0  03 

1  10 

+ 

0  04 

Ratio 

0  63 

+ 

0  01 

0  63 

± 

0  02 

0  60 

+ 

0  02c 

Adrenals 

0  05 

♦ 

<0  01 

0  05 

+ 

<0  01 

0  05 

<0  01 

Ratio 

0  03 

<0  01 

0  03 

+ 

<0  01 

0  03 

+ 

<0  OH 

Ovaries 

0  08 

♦ 

<0  01 

0  08 

♦ 

<0  01 

0  08 

+ 

<0  01 

Ratio 

0  04 

+ 

<0  01 

0  05 

♦ 

<0  01 

0  05 

+ 

<0  OH 

Whole  Bodyc 

180  8 

■f 

3  6 

181  5 

♦ 

1  7 

181  0 

2  5C 

* M tr a r.  1  SEM.  N  =  10 
Organ  weighUt-Ody  w*r»gM  »  ■ uu 
M  -  9 

°F dSteci  'At'ighis 


is 


GRAMS 


MALE 


Effect  of  a  90-Day  Continuous  Inhalation  Exposure  to  Water-ln-oil  Hydraulic  Fluid 
Emulsion  on  Mean  Body  Weights  of  Male  and  Female  F-344  Rats. 
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At  necropsy,  all  rats  were  m  good  general  condition  and  grossly  observed  lesions  were  rare  and 
not  treatment-related.  A  male  rat  sacrificed  immediately  following  90  da>s  exposure  to  1  0  mg/m3 
had  a  0  5  cm  diameter  mass  associated  with  the  left  external  ear  canal  A  female  rat  sacrificed 
immediately  following  90  days  exposure  to  1  0  mg/mi  had  a  0  5  cm  raised  yehow  focu;  on  the  liver 

Histological  examination  determined  that  the  ear  lesion  was  a  Zyrnbal  gland  tumor  composed 
of  squamous  and  sebaceous  components  and  the  liver  lesion  was  a  herniation  cf  the  diaphramatic 
lobe 

Microscopic  findings  of  kidneys  and  lungs  taken  at  serial  sacrifice  and  tissues  examined 
immediately  following  the  90-day  continuous  inhalation  exposure  are  listed  m  Tables  6  through  11 
Incidence  data  indicate  the  frequent  occurrence  of  renal  tubular  alteration  (defined  as  degenerative 
and  regenerative  changes)  and  penglomerular  sc'erosis  as  an  age  related  change  affecting  the 
kidneys  of  predominantly  male  rats  and  pulmonary  vascular  mineralization  involving  both  sexes  of 
the  control  and  high-concentration  groups  Renal  laminar  concretions  were  noted  in  at  least  90%  of 
all  animals  examined  throughout  the  study  An  increase  in  interstitial  inflammation  was  noted  at  30- 
days  postexposure  in  female  rats  only  Pertinent  lesions  in  tissues  examined  immediately  following 
the  90-day  inhalation  exposure  included  myocardial  degeneration  and  vascular  mineralization 
observed  in  both  sexes  and  portal  inflammation  in  the  liver,  primarily  in  the  female  rats  (Table  8) 
Statistical  analysis  did  not  disclose  differences  in  the  occurrence  of  histopathologic  lesions  between 
high -concent  rati  on  and  control  animals  Because  no  lesions  attributed  to  the  test  material  exposure 
were  found  in  the  high-concentration  group,  tissues  from  the  low-concentration  exposure  group 
were  not  examined  histologically 


TABLE  6.  INCIDENCE  (%)  OF  KIDNEY  AND  LUNG  HISTOPATHOLOGIC  FINDINGS  IN  MALE  AND 

FEMALE  F-344  RATS  FOLLOWING  30-DAYS  CONTINUOUS  EXPOSURE  TO  WATER-IN-OIL 
HYDRAULIC  FLUID  EMULSION  (N  =  10) 


Male 

Female 

Organ/Lesion 

Control 

1 .0  mg  m3 

Control 

1 .0  mg/m3 

Kidneys: 

Laminar  concretions 

100 

vJ  V J 

100 

100 

Fibrosis 

20 

0 

0 

0 

Interstitial  inflammation 

20 

10 

10 

0 

Tubular  alteration 

90 

100 

0 

0 

Perigiomeruiar  sclerosis 

20 

30 

0 

0 

Lungs: 

Vascular  mineralization 

20 

20 

50 

70 
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TABLE  7.  INCIDENCE  (°.)  Of  KIDNEY  AND  LUNG  HISTOPATHOLOGIC  FINDINGS  IN  MALE  AND 

FEMALE  F- 344  RATS  FOLLOWING  60-DAYS  CONTINUOUS  EXPOSURE  TO  WATER-iN-OlL 
HYDRAULIC  FLUID  EMULSION  (N  =  10) 


Male  Female 


Organ  Lesion 

Control 

1 .0  mg<m1 

Control 

1 .0  mg  m3 

Kidneys: 

Laminar  concretions 

100 

o 

o 

’00 

100 

Fibrosis 

0 

10 

0 

0 

Interstitial  inflammation 

30 

30 

0 

0 

T ubular  alteration 

too 

80 

0 

0 

Penglomerulor  sc'e'os  s 

50 

40 

0 

0 

Lungs 

Vdscuiar  miner jlization 

50 

40 

30 

50 

TABLE  8.  INCIDENCE  (°<„)  OF  KIDNEY  AND  LUNG  HISTOPATHOLOGIC  FINDINGS  IN  MALE  AND 

FEMALE  F  344  RATS  FOLLOWING  90-DAYS  CONTINUOUS  EXPOSURE  TO  WATER-IN-OIL 
HYDRAULIC  FLUID  EMULSION  (N  =  10) 


Male 

Female 

Organ/Lesion 

Control 

1.0  mg/m3 

Control 

1.0  mg/ml 

Liver: 

Portul  mf'ammation 

0 

20 

60 

50 

Kidneys: 

'  jminjr  concretions 

100 

1U0 

‘00 

90 

Interstitial  inflammation 

40 

50 

10 

0 

Tubular  alteration 

90 

100 

0 

10 

Penglomerular  scleros'S 

100 

100 

10 

0 

Lungs: 

V  d'js  ,.j  j r  rn ,  n  c  r  u  l ;  Z  u  t  •  O  °i 

90 

"7  "  , 

/  w- 

4 

60 

Heart: 

Vas <  jiui  minerahzutio'' 

*  ~ 

*1  ■. 

0 

Myocardial  degener^t  o-- 

8  j 

70 

70 

50 
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TABLE  9.  INCIDENCE  (%)  OF  KIDNEY  AND  LUNG  HISTOPATHOLOG  Y  30  DAYS  POSTEXPOSURE 
FOLLOWING  90-DAYS  CONTINUOUS  EXPOSURE  TO  WATER-IN-OIL  HYDRAULIC  FLUID 
EMULSION  (N  =  10) 


Organ/Lesion 

Male 

Female 

Control 

1 .0  mg/m3 

Control 

1 .0  mg/m3 

Kidneys: 

Laminar  concretions 

100 

100 

100 

100 

Interstitial  inflammation 

60 

80 

0 

50^ 

Tubular  alteration 

100 

100 

10 

10 

Penglomerular  sclerosis 

90 

90 

40 

30 

Lungs: 

Vascular  mineralization 

100 

70 

70 

60 

“-Sigr  (icantly  OiHcfent  from  conuui  <001 

TABLE  10.  INCIDENCE  (%)  OF  KIDNEV  AND  LUNG  HISTOPATHOLOG Y  60  DAYS  POSTEXPOSURE 
FOLLOWING  90-DAYS  CONTINUOUS  EXPOSURE  TO  WATER-IN-OIL  HYDRAULIC  FLUID 
EMULSION  (N  =  10) 


Male  Female 


Organ/Lesion 

Control 

1.0  mg/m3 

Control 

1.0  mg/m3 

Kidneys: 

Laminar  concretions 

100 

100 

90 

100 

Interstitial  inflammation 

100 

80 

10 

10 

Tubular  alteration 

90 

100 

40 

40 

Penglomerular  sclerosis 

100 

90 

30 

50 

Lungs: 

Vascular  mineralization 

80 

100 

80 

100 

1  ABLE  11.  INCIDENCE  (%)  OF  KIDNEY  AND  LUNG  HISTOPATHOLOG Y  90  DAYS  POSTEXPOSURE 
FOLLOWING  90-DAYS  CONTINUOUS  EXPOSURE  TO  WATER-IN-OIL  HYDRAULIC  FLUID 
EMULSION  (N  =  10) 

Male 

Female 

Organ/Lesion 

Control 

1 .0  mg'm3 

Control 

1 .0  mg  m3 

Kidneys: 

Laminar  concretions 

IOC 

•oo 

100 

100 

Fibrcss 

n  • 
ml  \J 

30 

0 

0 

Interstitial  mflammofon 

1 00 

80 

10 

0 

Tubular  alteration 

100 

100 

20 

0 

Penglomerular  scleros  s 

90 

100 

30 

4G 

Lungs: 

Vascular  mineralization 

80 

80 

60 

90 

Interstitial  fibrosis 

0 

10 

0 

0 
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SECTION  4 


DISCUSSION 

This  study  supports  the  conc  isions  derived  from  acute  studies  indicating  that  water-m-oil 
hydraulic  fluid  emulsions  are  associated  with  minimal  toxicity  (Kmkead  et  al  ,  1987)  The  emulsion 
used  in  this  study  (0  to  lOLc  ethylene  glycol)  did  not  produce  the  toxic  effects  observed  in  the  previous 
study  usmg  a  hydraulic  fluid  containing  35°c  ethylene  glycol  (Wall  et  al  ,  1990)  Ethylene  glycol  vapor 
concentrations,  delectable  only  m  the  high  concentration  atmosphere,  were  several  orders  of 
magnitude  below  the  threshold  limit  value  of  127  mg/ml  recommended  by  the  American  Conference 
of  Governmental  Industrial  Hygienists  ( 1990) 

No  treatment-related  cnanges  were  noted  in  mear  body  weights,  organ  weights,  or  clinical 
chemistry  parameters  Tne  iuck  of  significant  differences  in  occurrence  and  severity  of 
histopathologic  lesions  between  the  test  and  control  groups  suggested  that  these  findings  represent 
normal  background  or  aging  changes  The  most  significant  difference  between  male  and  female 
groups  was  the  incidence  of  many  renal  lesions 

The  glomerular,  tubular,  and  inflammatory  changes  can  be  attributed  to  chrome  progressive 
nephrosis  of  F-344  rats  This  condition  affects  primarily  male  rats  beginning  at  an  early  age  and 
progresses  to  severe  lesions  by  18  to  30  months  of  age  Hyaline  droplets  are  frequently  observed  with 
this  condition  and  although  not  listed  as  a  lesion  in  the  tables,  they  were  observed  in  the  renal 
tubular  epithelium  of  all  male  rats  and  were  absent  in  females 

The  renal  changes  wmen  occurred  at  a  hign  incidence  m  both  controls  and  test  chemical 
exposed  animals  are  common  background  lesions  in  F-344  rats  Lamellated  concretions  (rmcroliths) 
are  particularly  common  among  female  rats,  and  may  be  observed  as  early  as  seven  weeks  of  age 
(Montgomery  and  Seely,  1990)  Hyaline  droplet  accumulation  in  renal  tubules  occurs  primarily  m 
male  rats  A  wide  variety  of  hydrocarbon-containing  chemicals  has  the  ability  to  exacerbate  hyaline 
droplet  accumulation  and  cause  more  extensive  degeneration  of  the  proximal  tubule  epithelium 
(Alden.  1986)  The  background  lesions  are  distinguished  from  les.ons  that  might  be  expected  to  occur 
as  a  result  of  exposure  to  a  material  containing  ethylene  glycol  in  that  calcium  oxalate  crystals, 
tubular  epithelial  necrosis,  and  vascular  congestion  were  not  present 

The  only  neoplasm  observed  was  a  Zymbal  gland  tumor  in  one  male  rat  These  occur 
infrequently  as  spontaneous  neoplasms  and  can  be  induced  by  carcinogens  This  neoplasm  was 
interpreted  as  spontaneous  in  this  case  Similarly,  the  herniation  of  the  diaphramatic  liver  lobe  in  one 
female  rat  was  interpreted  as  a  spontaneous  change 
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Under  the  conditions  of  this  study,  the  water  m  oil  h,arajlic 
considered  to  be  toxic  These  findings  suggest  that  the  I  mg  water-m •< 
concentration  would  present  no  to*>c  hazard  upon  prolonged  e»po>u'c 


uid  emulsion  would  not  be 
I  rijdrauiic  fluid  emulsion,'m-> 
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APPENDIX  A 


MEAN-*  BODY  WEIGHTS  (q)  OF  f-344  RATS  FROM  A  90-DAY  CONTINUOUS  EXPOSURE  TO 
WATER-IN-OIL  HYDRAULIC  FLUID  EMULSION 


Day  Control  0.2  mg/m*  1.0mg/m3 

Male 


0 

229  8 

4 

1  0 

(60) 

229  8 

♦ 

1  0 

(60) 

229  8 

4 

1  0 

(60) 

14 

261  9 

♦ 

1  6 

(60) 

260  2 

4 

1  5 

(60) 

257.5 

4 

1  5 

(60) 

28 

287.9 

+ 

1  8 

(60) 

286  2 

4- 

1  8 

(60) 

282  2 

4 

1  7 

(60) 

42 

309  8 

■+ 

2  3 

(50) 

306  8 

4- 

1  9 

(50) 

303  1 

+ 

2  2 

(50) 

56 

325  1 

2  5 

(50) 

323  7 

4 

2  2 

(50) 

319  6 

4 

2  5 

(50) 

70 

341  7 

♦ 

3  2 

(40) 

340  8 

+ 

3  0 

(40) 

334  1 

4 

3  0 

(40) 

84 

357  3 

+ 

3  3 

(40) 

354  4 

♦ 

3  1 

(40) 

348  9 

4 

3  1 

(40) 

91 

362  8 

+ 

3  3 

(40) 

360  7 

4 

3  1 

(40) 

353  3 

4 

3.0 

(40) 

105 

364  4 

3  8 

(30) 

365  6 

4 

3  6 

(30) 

359  3 

4 

3  3 

(30) 

1  19 

368  7 

■f 

4  6 

(20) 

370  7 

4 

3  9 

(20) 

366  9 

4 

4  6 

(20) 

133 

373  1 

4- 

5  1 

(20) 

380  8 

♦ 

3  7 

(20) 

378  1 

4 

5  0 

(20) 

147 

377.1 

♦ 

5  0 

(20) 

383  9 

4 

4  0 

(20) 

374  6 

4 

6  6 

(20) 

161 

384  9 

± 

6  1 

(10) 

394  8 

4 

5  5 

(10) 

388  8 

4 

7  1 

00) 

Female 


A 

yj 

155  8 

4 

0  6 

(60) 

155  8 

4 

0  6 

(60) 

155  8 

+ 

0  6 

(60) 

14 

159  0 

4 

1  0 

(60) 

160  5 

4 

0  8 

(60) 

161  9 

+ 

0  8 

(60) 

28 

167  2 

4 

1  0 

(60) 

167  1 

+ 

0  9 

(60) 

169  0 

0  9 

(60) 

42 

173  0 

4 

1  3 

(50) 

173  8 

+ 

1  1 

(50) 

175  9 

+ 

1  1 

(50) 

56 

178  0 

4 

1  3 

(50) 

174  9 

+ 

2  3 

(50) 

179  5 

■f 

1  2 

(50) 

70 

184  1 

4 

1  6 

(40) 

186  2 

+ 

1  5 

(40) 

185  8 

+ 

1  2 

(40) 

84 

187  7 

4 

1  7 

(40) 

187  7 

+ 

1  2 

(40) 

187  7 

1  3 

(40) 

S' 

187  7 

4 

1  7 

(40) 

189  7 

+ 

1  3 

(40) 

190  0 

+ 

1  3 

(40) 
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190  1 

4 

1  8 

(30) 

190  6 

1  3 

(30) 

190  7 

+ 

1  4 

(30) 

119 

191  3 

♦ 

2  1 

(20) 

190  9 

+ 

1  9 

(20) 

188  9 

+ 

1  7 

(20) 

133 

197  0 

4 

1  8 

(20) 

197  1 

♦ 

1  8 

(20) 

197  1 

+ 

1  6 

(20) 

147 

199  3 

4 

1  8 

(20) 

200  3 

+ 

2  0 

(20) 

199  2 

4 

1  8 

(20) 

161 

201  2 

♦ 

2  1 

(10) 

199  6 

♦ 

1  9 

(10) 

204  0 

4 

2  8 

(10) 

’  Ve a''  !  $E  M  (N) 
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